Abstract. High temperatures generated in the concrete due to the hydration of cement induce thermal tensile stresses. If these stresses are not controlled, they cause cracks in mass concrete structures such as dams. Hence, the thermal and structural stresses needs to be checked against the possibility of cracking to evaluate the safety of the dam. This study deals with formulation and simplified procedure to predict the possibility of crack development in RCC dam. An existing 2-D code has been modified by implementing the crack prediction procedures. The applicability of the modified 2-D code has been shown by analyzing a real RCC dam called Zirdan dam situated in southeast of Iran. The predicted stresses which were obtained through the finite element analysis are examined against the crack development at Gaussian points and it was found that the dam is structurally safe.
Introduction
Thermal cracks is one of the most significant problems arising during the construction phase in concrete gravity dams. This problem is attributed to cement hydration, which is an exothermic reaction that induces thermal gradient in the dam body. To avoid this problem many mathematical optimizations and cracking criterion have been proposed, for instance;
Rescher [1] , studied the importance and significance of cracking in concrete dams and finding out the deformation behavior in the transition of the dam to the foundation depending on the structural arrangement of the dam body and several structural properties of the foundation. In the presented work crack calculations were carried out using different method for both 2-D and 3-D dam structures. Numerical analysis was not done in this investigation.
Araujo and Awruch [2] , analysed the cracking phenomenon in concrete gravity dams during construction phase. Stresses due to the dead load of the dam, thermal gradients, creep and drying shrinkage were taken into account for the analysis. The finite element method was used for 2-D analysis of the dam by employing eight-node isoparametric elements. Moreover, safety against cracking was obtained using a criterion independent of the finite element mesh. The formulation was applied to analyse the right transition wall of dam only.
Noorzaei et. al. [3] , studied on the application and verification of a two-dimensional developed finite element code for the thermal-structural and stress analysis of RCC dams. The Kinta RCC gravity dam of 78 m height was considered in this study. The actual climatic conditions and thermal properties of the materials were considered in the analysis. The safety of the dam against cracking was carried out by using crack index in the stress analysis.
Lingfei and Li [4] applied 3D FEM to simulate the temperature and stresses field of Xiaowan dam during construction. Many factors were considered in the analysis, such as; thermal and mechanical properties, concrete construction, temperature variation of environment, crown filling and water impoundment. The results were accorded with the common rules of high arch dam and were valuable to the design of temperature control and anti-cracking measure.
Apel and Flaig [5] , presented the simulation and mechanical optimization to the problem of the hydration of young concrete and the avoidance of crack. At first a model based on macroscopic scale was carried out for the hydration of concrete then the numerical simulation was shown for this model.
Heat Diffusion
The general partial differential equation governing heat flow in a two-dimensional solid medium is given Eq.1. Two types of boundary conditions are Drichlet and Cauchy boundary were used in the present study [3] .
where T is the solid temperature (°C); k x , and k y , are the concrete conductivity coefficients in x ,and y directions respectively (W/m °C); Q is the rate of the heat introduced per volume (W/m 3 ); ρ is the material density (kg/m 3 ), and; c is the solid specific heat (J/kg °C).
Cracking Criteria
The assessment of the crack occurrence is performed by using the cracking criterion coefficient suggested by Kupfer [6] , which is a function of the principal stresses. The safety coefficient against cracking criterion is defined by the following formula:
where σ ଵ (t) and σ ଵ(୳୪୲) are the RCC maximum and allowable principle stresses respectively. σ ଵ(୳୪୲) depends on the types of the maximum and minimum principle stresses [7] .
(i) For tension-tension, Kupfer and Gerstle suggested a constant tensile strength equal the uniaxial tensile strength of concrete. 
where f t (t) is the RCC tensile strength at the time t. f c (t) is the compressive stress of concrete.
Analysis of Actual RCC Dam
This dam was constructed in the province of Baluchistan, south-east part of Iran. Fig. 1 shows the typical section. The progress of the dam construction with respect to time, materials properties, and the site recorded hourly environmental temperatures were given in the previous work of author [8] . They will not be reproduced in the present paper.
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Fig. 1 Typical section of Zirdan dam

Finite Element Modeling
The 2D finite element model of the deepest block is shown in Fig.2 Eight noded isoparametric elements are used in the analysis.
Fig. 2 2-D Finite Element mesh for Seven Stages
Result and Discussion
The applicability of the modified 2DFE code has been shown by thermal and structural analyses of Zirdan dam. Fig. 3 illustrates the contours of the temperatures distribution within the dam body after completion of the 7 th stage. Higher temperatures zones are formed at the bottom and the central portion of the dam which is due to the use of larger amount RCC placing temperatures combined with higher insulating property of this region due to its surrounding area and massive volume compare to other locations. Fig.4 (a) shows the variation of maximum principle stress path along the block width (EL.3.9 m) for different construction time. It's clear that, the tensile stresses is developed at the boundaries, with maximum value at the downstream face 0.4 MPa. In mass concrete structure tensile stress should not exceed the tensile strength at the given age. Based on the specifications the maximum tensile strength is 0.85 MPa. It's clear that, both side have not exceed the allowable tensile strength. The variation of minimum principle stress along the dam width for the same level (EL. 3.9 m), has been plotted in Fig.4(b) . It's obvious that, the minimum principle stress is in compression side, this attributed to the gravity load of the dam. After completion of the thermal analysis, stress analysis is performed simultaneously and safety coefficient against cracking is calculated using Eq. 2. So, the dam can be considered to be safe against cracking when the safety coefficient is greater than 1.0. Fig. 5 shows the variation in the safety coefficient with time for t for two levels (3.5 m and 9.5 m) across the dam's width. It is clear from this plot, that the dam is safe against cracking at these points. 
Conclusion
From the results obtained, it can be conclude that the modified 2D-FE code is applicable for simulating the thermal response of RCC dams. Moreover, the safety coefficient variation can give a good indication of the probability of a crack occurring.
The exposed dam boundaries posses the same air temperature at the end of each stage of analysis. Higher temperature zones are formed at the thicker places near the abutments at lower elevation levels. The requirements of strength and crack resistance are greater in high Zone, because of the adiabatic temperature is high in this zone 
